INTRODUCTION
Pulmonary tuberculosis (PTB) is a worldwide public health problem and the second greatest infectious disease killer after the human immunodeficiency virus (HIV).
(1) The incidence of tuberculosis (TB) in Singapore was 36.9 per 100,000 population in 2013.
(2) A majority of patients had PTB with or without extrapulmonary involvement (86.3%), whereas the remainder had extrapulmonary TB only (13.7%).
(2) Although the overall mortality rate from TB among Singapore residents was low at 1.2 cases per 100,000 population in 2013, (2) there are multiple studies that have shown that severe PTB requiring admission to the intensive care unit (ICU) carries a high mortality rate. (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) Identified risk factors for mortality include acute respiratory distress syndrome, (4, 5) need for mechanical ventilation, (4) HIV infection, (7) multiple organ failure, (3, 5) consolidation on chest radiograph, (3, 5) acute renal failure, (4) early ICU admission, (13) Acute Physiology and Chronic Health Evaluation (APACHE) II score, (6) Sequential Organ Failure Assessment (SOFA) score, (14) sepsis, (4, 6) low albumin, (7) age (15) and nosocomial-or ventilator-associated pneumonia. (4, 8, 13) Besides these factors, treating PTB in the ICU is challenging because of poor absorption of antituberculous treatment among the critically ill and the paradoxical deterioration of TB during treatment. (12) The most common reasons for ICU admission were acute respiratory failure and multiorgan failure. (12) The present study aimed to identify patient characteristics and risk factors associated with in-hospital mortality among patients with PTB requiring ICU management at our hospital.
METHODS
We conducted a retrospective chart review of all patients with active PTB admitted to the ICU at Singapore General Hospital (SGH), Singapore, a tertiary care university-affiliated hospital, from January 2005 to December 2010. Data was obtained from the hospital's TB registry, which had a record of all inpatients and outpatients diagnosed with TB. The definitions of risk factors that were used in our study are listed in Box 1.
Factors associated with mortality among patients with active pulmonary tuberculosis requiring intensive care RESULTS There were 2,155 patients with active PTB diagnosed, of whom 83 (3.9%) patients were admitted to the ICU, but eight were excluded because their admission to the ICU was unrelated to PTB. The most common comorbidities were diabetes mellitus (n = 23, 30.7%) and immunocompromised host (n = 25, 33.3%). A few (n = 4, 5.3%) of the patients had HIV coinfection. A majority (n = 67, 89.3%) of patients required mechanical ventilation and the mean duration of mechanical ventilation was 8.05 ± 14.43 days. Mean duration of ICU stay and hospital stay were 10.23 ± 15.8 days and 33.7 ± 50.7 days, respectively. In-hospital mortality was 62.7% (n = 47), and 36 of these patients died while in the ICU (ICU mortality, 48.0%). Univariate analysis identified ischaemic heart disease, low albumin, Acute Physiology and Chronic Health Evaluation score, disseminated intravascular coagulation, shock and multiorgan failure as significantly associated with mortality. Multivariate analysis showed that low albumin on the day of ICU admission was the only significant independent predictor of death (p = 0.033).
CONCLUSION
In-hospital mortality from active PTB requiring ICU admission was 62.7%, and low albumin was an independent predictor of mortality in this study. American Thoracic Society criteria were used to diagnose hospital-acquired pneumonia and ventilator-associated pneumonia. (17) Patients admitted for reasons not due to PTB were excluded. Data for haemoglobin, white blood cells, creatinine, albumin, sodium, alanine aminotransferase and aspartate aminotransferase levels, APACHE II score and PaO 2 /FiO 2 (partial pressure of oxygen in arterial blood/fraction of inspired oxygen) ratio was taken within the first 24 hours of ICU admission. Statistical analysis was performed using IBM SPSS Statistics version 20.0 (IBM Corp, Armonk, NY, USA). For univariate analysis, chi-square test was used for categorical variables and Student's t-test was used for continuous variables. For multivariate analysis, logistic regression was performed. A p-value < 0.05 was considered to be statistically significant. All values were expressed as mean ± standard deviation. This study was approved by SingHealth's Centralised Institutional Review Board.
RESULTS
Over the six-year study period, there were 2,155 patients with active PTB infection diagnosed at SGH, of whom 83 (3.9%) patients were admitted to the ICU. However, eight of these patients were excluded from further analysis, as their admission was unrelated to PTB (acute abdomen, n = 3; bleeding gastrointestinal tract, n = 1; spine surgery, n = 1; atrial flutter with hypotension, n = 1; postoperative complications, n = 2). The remaining 75 (3.5%) patients were eligible for analysis.
The mean age of the patients was 59.9 ± 18.5 years. More than half of the patients were men (n = 50, 66.7%) and of Chinese ethnicity (n = 45, 60.0%). There were 12 (16.0%) patients with a history of smoking. The mean body mass index was 20.4 ± 5 kg/m 2 (n = 63) and mean APACHE II score was 22.6 ± 7.3 (n = 60).
The most common comorbidities were diabetes mellitus (n = 23, 30.7%) and immunocompromised host (n = 25, 33.3%). A few (n = 4, 5.3%) patients had HIV coinfection. Mechanical ventilation was required for a majority (n = 67, 89.3%) of patients, for a mean duration of 8.05 ± 14.43 days. Mean duration of ICU stay and hospital stay were 10.23 ± 15.8 days and 33.7 ± 50.7 days, respectively. ICU mortality was 48.0% (n = 36) and in-hospital mortality was 62.7% (n = 47). Most (n = 60, 80.0%) patients were not known to have PTB at the time of medical ICU (MICU) admission. Five patients had cavitations on chest radiographs reported by radiologists. Among these patients, there were four in-hospital mortalities, two of whom died in the MICU. Table I shows a comparison of the baseline characteristics of survivors and non-survivors with active PTB requiring intensive care.
Univariate analysis identified ischaemic heart disease, low albumin, APACHE II score, disseminated intravascular coagulation, shock and multiorgan failure as being significantly associated with mortality ( Table I ). Multivariate analysis showed that low albumin on the day of ICU admission was the only significant independent predictor of death (p = 0.033; Table II ).
DISCUSSION
In our study, patients with active PTB requiring ICU admission had high ICU and in-hospital mortality rates of 48.0% and 62.7%, respectively. These were comparable to the mortality rates (range 47%-65.7%) reported from China, (9) Taiwan, (8) Korea (5) and Brazil. (13) Other centres have reported lower mortality rates in the range of 20%-30%. (3, 4) A retrospective study by Erbes et al in Germany reported ICU mortality rates of 22.4% and in-hospital mortality of 25.9%, (4) which were significantly lower than the rates observed in our study. This could be attributed to the older cohort of patients (mean age 59.9 ± 18.5 years vs. 47.8 ± 17 years) and higher percentage of patients with diabetes mellitus (30.7% vs. 13.8%) in our study. Although diabetes mellitus itself was not a significant independent predictor of mortality for patients with PTB admitted to the ICU, it significantly affects patient morbidity. (18) Furthermore, patients with diabetes mellitus and TB often have atypical radiographic presentations, (19) which could potentially result in delayed diagnosis and commencement of appropriate antituberculous therapy, thereby impacting patient outcomes. (20) Among the risk factors investigated, only low albumin remained predictive of mortality in patients with PTB admitted to the ICU after multivariate analysis. Previous studies have shown that lower serum albumin in the critically ill was associated with infection and increased mortality. (20) (21) (22) (23) Hypoalbuminaemia has been shown to be associated with increased morbidity and mortality after both non-cardiac (23) and cardiac surgeries. (23) In the National Veterans Affairs Surgical Risk Study, which involved 44 tertiary care veterans affairs medical centres, a decrease in serum albumin to less than 21 g/L was associated with an increase in mortality rates, from under 1% to 29%. (23) This is not surprising because albumin plays an important role in inflammation and is also a marker of nutrition and disease. (24) Low albumin is an early marker of protein-energy malnutrition that is associated with the stress of illness and surgeries. The mismatch of protein-energy demand and supply leads to organ dysfunction, including gastrointestinal malabsorption, impaired immune response and impaired production of plasma proteins (including albumin) in the liver. (24) Hypoproteinaemia lowers plasma oncotic pressure, increases capillary permeability and promotes alveolar oedema. It is also associated with developing pressure ulcers in the ICU. (25) We identified ischaemic heart disease, APACHE II score, disseminated intravascular coagulation, shock and multiorgan failure to be significantly associated with mortality on univariate analysis, but not on multivariate analysis. Multiorgan failure has been shown to be associated with mortality in a few studies. (3, 5) Although ICU scoring systems of APACHE and SOFA scores have been validated for use for predicting individual patient outcomes during ICU admissions, (26) both of these scoring systems have only been shown to be associated with mortality in patients with PTB requiring ICU care in a few studies, (6, 14) with many others not reporting such an association. (4, 5, 13, 15) APACHE II scores may severely underestimate the mortality risk of patients with TB who have septic shock. (27) In our study, the mean APACHE II score was 22.6 with predicted in-hospital mortality of 46% instead of the observed 62.7%. Unlike acute bacterial pneumonia, which usually is diagnosed early, the symptoms of TB often precede its diagnosis by months, and the delay in initiation of appropriate anti-TB treatment may have an adverse impact on mortality independent of the severity of illness upon presentation. This is a possible explanation for the disparity seen between predicted mortality from APACHE II scores and observed in-hospital mortality. (27) The limitations of these scoring systems made them less useful and potentially misleading for patients with PTB requiring intensive care in our study.
Nearly 80.0% of our patients were not known to have PTB at the time of MICU admission, which could have contributed to poor patient outcome. Possible causes were delayed PTB diagnosis, delayed visit to the doctor, delayed time to treatment initiation or rapid deterioration in some patients with PTB. Due to the retrospective nature of our study, information on several pertinent factors (e.g. duration of symptoms, time to TB diagnosis, time to treatment initiation and adverse reactions from TB drugs) were not available for analysis.
Although HIV infection itself is a risk factor for mortality in the ICU, (28) our study concurred with others (4, 13, 29) in finding that HIV infection was not an independent risk factor for mortality among patients with TB in the ICU. Some authors have postulated that the short duration before death was insufficient time for HIV itself to cause mortality in patients with TB requiring ICU care, and that when TB was very severe, HIV infection was not likely to influence patient outcome any further. (29) Various studies have identified different factors for predicting mortality in patients with active PTB requiring ICU admission, but no single factor has consistently been shown to be predictive and therefore a reflection of the different patient populations being studied. The retrospective nature and small sample size of our study may also have contributed to the lack of power, leading to a failure in detecting additional associations of significance.
In conclusion, we found that over the six-year period, 75 of 2,155 (3.5%) patients with active PTB required admission to the ICU as a direct consequence of PTB. Among these patients, 67 (89.3%) patients required mechanical ventilation. The in-hospital mortality in our study was 62.7% (n = 47), of which 36 patients died while in the ICU, giving an ICU mortality rate of 48.0% for patients with PTB requiring ICU care. Only low serum albumin level was associated with increased mortality. 
